The process of modeling the fluorescence resonance energy transfer (FRET) process for a donor-acceptor pair can be rather challenging, yet few computer programs exist that allow such modeling to be done with relative ease. In order to address this, we have developed a Java-based program, FRETView, which allows numerous FRET parameters to be obtained with just a few mouse clicks. Being a Java-based program, it runs equally well on all the major operating systems such as Windows, Mac OS X, Linux, Solaris. The program allows the user to effortlessly input pertinent information about the donor-acceptor pair, including the absorption and/or emission spectra, and outputs the calculated FRET parameters in table format, as well as graphical plots.
Introduction
The nonradiative process of fluorescence resonance energy transfer (FRET) between an excited state donor and a ground state acceptor has been extensively covered in the literature.
1,2 The through-space nature of the FRET process has resulted in its utilization in numerous fields of research. For example, by attaching chromophores which form donor-acceptor pairs onto DNA segments this group has demonstrated the applicability of using the FRET process for ratiometric-based molecular probes.
3,4
Light emitting materials capable of displaying a range of colors have also been developed by making use of FRET principles.
5,6
Ultrafast optical switching is yet another area in which FRET has found applicability. 7 The ability to probe the spatial relationship between a donor and acceptor species, as a result of the distance dependence on the energy transfer process, has often led to FRET being used as a molecular ruler. Given the donor-acceptor spectral data and a few photophysical parameters (e.g., quantum yield) about the system, an accurate value for the donor acceptor spacing can be obtained using the well known Förster equations.
1
It is the application of these equations to model the FRET process that can prove challenging because of the integration and normalization steps involved. Naturally, computer programs have been written to largely automate these mathematical operations. Among the best known of these is probably the PhotochemCad program developed by Lindsey et al. 8 The program works quite well, but is currently only available for computers running the Windows operating system. In this paper, a cross-platform Javabased program that is geared primarily towards the calculation and visualization of FRET parameters is described.
Description
The program was developed as a plugin for a Java-based custom data management and visualization program, InstruView. approach, rather than developing a stand alone application, provides several advantages. For one, since the parent program is Java-based, it is able to run on a variety of operating systems, not just the typical Windows and OS X as with many other scientific programs. Also, being written as a plugin significantly simplified the development process, because a substantial amount of program code was already written for the parent program, InstruView. The code for data storage, file reading, and graphing were all based on program code already in use. Another advantage of taking the plugin approach is that it allows data which have been transformed and indexed by the parent program to be seamlessly imported into the spectral database. The program consists of several interconnected modules which are outlined in Fig. 1 . Since the program is distributed as an open source program, a modular design makes it easier for other developers to refine and extend it. The Spectral Database module stores the emission and absorption spectra of the desired chromophores along with other pertinent information such as extinction coefficient, quantum yield, and radiative lifetime. For testing purposes, a spectral database consisting primarily of spectroscopic data downloaded from Invitrogen's website is provided. It should be noted that for most chromophores in the database, the quantum yield and lifetime values was not provided so dummy values are used instead. The User Interface module provides an intuitive graphical user interface (GUI) which allows the inputting of FRET parameters and viewing of calculation results in both a spreadsheet format as well as graphical plots. A GUI for the management of the spectral database is also provided by this module. All calculations are handled by the Math module which implements the equations for calculating the FRET parameters. Currently this module implements equations for calculating the Förster distance (R 0 ), transfer efficiency (E), transfer rate (k t ), donor intensity (F d ), acceptor intensity (F a ), total intensity (F t ), and the acceptor's lifetime (s a ) as a result of the energy transfer process. The Strickler-Berg formula 10 is also included to allow lifetimes to be estimated from the spectroscopic data and quantum yield of a chromophore. Regardless of the capabilities of the program, without the ability to easily share spectral databases with others, its usefulness is inherently limited. As such, the Network module is added to allow access to spectral databases over the Internet.
Discussion
In order to show the suitability of the program for obtaining FRET parameters, the output it generates has been compared to several literature sources 11,12 as well as the output from the often used PhotochemCAD program. The R 0 values for several of the Alexa fluor dyes in the database were found to be within 5% of those reported in ref. 11 . However, without access to the spectral data and input parameters the author used to calculate the R 0 values, it is not possible to say which calculation is more precise. The results for these calculations are presented in Table 1 . Furthermore, the R 0 calculations were compared with those found by using an Excel spreadsheet provided by Invitrogen and the values matched exactly. The feature that allows the modeling of the lifetime and intensity variation of an acceptor due to energy transfer from a long-lived donor was also ascertained. Using ref. 12 as a guide, the values obtained are consistent with those published. This is not surprising considering that the equations used in the program are derived primarily from this source. Moreover, the ease of which the input parameters can be varied and calculation obtained, inherently allowed a wider range of simulations to be undertaken.
To ascertain the validity of the Strickler-Berg formula (implemented to allow the fluorescence lifetime to be calculated using absorption and emission data) the values obtained using the PhotochemCAD program and this program were compared and are found to be within 1% of each other. Table 2 contains the results from a few of these calculations. This minor variation is likely due to differences in the method of integration and/or rounding procedures implemented by the programs. However, neither program appears to accurately estimate the fluorescence lifetime and point to the overall weakness of the Strickler-Berg formula. The calculated lifetime for fluorescein was also compared to that published by Strickler and Berg, 10 and is found to be identical (4.37 ns) when the same input parameters was used. It is clear from these comparisons that the program is working as intended, but as with most other modeling programs, the quality of the obtained results are largely dependent on the quality of the input parameters.
Conclusions
In summary, by making use of Java technology we have developed a cross platform, highly intuitive program for obtaining and visualizing FRET parameters. It can be used to model the energy transfer process between various donor and acceptor pairs, allowing the user to try many combinations in silico prior to any experimental work. Such an approach can result in savings in both time and resources. Also, the ease of which the input parameters can be varied and the results calculated, make it an excellent tool for teaching some of the fundamental aspects of the energy transfer process. The program and the accompanying source code can be freely downloaded from the following website: http://turmac13.chem.columbia.edu/fretview/index.html. It is the authors' hope that by providing access to the source code, the overall functionality of the program will be extended by others. 
